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Cathepsins B, D, H, and L were identifi ed in the extract 
of 2-day-old rat epidermis and sepa rated by gel filtration 
fro m aminoendopeptidase with a M,. of 400,000 and from 
the low-molecular-weight cysteine proteinase inhibitor. They 
were further purified by io n exchange column chro matog-
ra ph y. The final separation for cathepsins Band H was 
performed by gel filtration, while ca thepsin D was purified 
by peps tatin affi nity chroma tography and ca thepsin L by 
fast pro tein liquid chro m atography (FPLC). Substrate 
specificity, inhibitor susceptibility, and apparent molecular 
weights of the separated proteinases were determined and 
A number ofp ro teinases have been shown to be present in skin 11J . Proteinases resemblin g cathepsin D or H [2,3] and D [3,4] have been frac tionated from w hole sk in . Cathepsins D [5] and H 16 ] have also been loca lized immunohistochem ica ll y in rabbit and rat 
epidermis, respectively. Recently, a hi gh-molecular-weight cys-
teine protease, called aminoendopeptidase, has been purified from 
newbo rn rat epidermis [7], and subsequent immunohistochemica l 
studies identified the enzy me to be of epiderm al origin r8]. In 
add ition, a cysteine proteinase inhibitor (CP I) , considered to be 
an endogenous regulator, has been purified fro m rat 19-12] and 
human [3,13] epiderm is. 
O n the other hand , sepa ration and characte riza tion have been 
conducted sepa rately for each enzyme from the epidermis and 
th us have limited our knowled ge of direct comparison of prop-
erties among th e epiderm al enzy mes themselves and with similar 
enzymes reported in other tiss ues . In this paper we describe the 
separation and simultaneous detection of catheptic proteinases and 
CPI in an extract of 2-day-old rat epidermis. Properties of the 
skin enzy mes were compared to li ver enzy mes. 
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Abbreviations: 
A FC: 7-a m ino-4-triAuorol11 ethylcoumarin 
BA N A: cr-N -benzoy l-DL-arginine-2-na phth ybm ide 
C PI: cyste ine prote inase inhibitor 
OTT: d ilhiothreito l 
FPLC: fast protein liquid chromatog raph y 
PIPES: I ,4-piperazi ned iethanesul foni c acid 
va lues compared to rat li ver enzymes . Apparent molecular 
weights for epiderm al ca thepsins B, H, and L were hi gher 
than those fo r co mparable li ver enzy mes of ad ult rats. T he 
cysteine proteinase inhibitor in epidermis was fo und to 
inhibit cathepsins B, H, and L but not cathepsin D and 
aminoendopeptidase of rat epidermis. This stud y demon-
strates the presence of catheps in L in the epidermis and 
describes simultaneolls separation and comparison of 
epidermaJ catheptic proteinases. J In vest Dennato/ 88:393-397, 
1987 
MATERIALS AND METHODS 
Chemicals Synthetic peptide substrates with 7-amino-4-tri-
fluoromethylcoumarin (AFC) (Arg-AFC, Z-Arg-Arg-AFC and 
Z-Phe-Arg-AFC) were from Enzy me Systems Products (Liver-
more, Ca lifo rni a); all other chemica ls were of analytica l g rade 
from various commercial sou rces. 
Assay Techniques Cathepsin D assay was performed at pH 
3.5 usin g hemoglobin as the substrate accordin g to Barrett [14] 
with slight modifications. Cathepsin L acti vity was esti mated at 
pH 5.0 using azocasein as the substrate according to Kirschke et 
al [15] with sli ght modifications. Cathepsins B, H, and L were 
assayed accord ing to the principles of Pearson et al [1 6] and Mason 
et al [l 71using Z-Arg-Arg-AFC fo r ca thepsin Band Arg-AFC 
for cathepsin H at pH 6.2, and Z-Phe-Arg-A FC for cathepsin L 
at pH 5.5. The ca libration of the flu orometcr was donc using 10 
ILM quinine sul fate in water as described by Smi th et al [18]. 
Cathepsin H assay w ith a rg il~ ine-2-n aphthylam ide (Arg-NA) and 
a -N-benzoyl-DL-arginine-2-naphthylamide (BANA) at pH 6.0 
was done accordin g to Barrett [19] with the modifications of 
Okitani et al [20] and Ito et al [7] . Aminocndopeptidase assay 
with Leu-NA at pH 7.5 was pcrformed as described by Ito et a1 
[7]. Cysteine protcinase inhibitory assay was done according to 
Jarvincn [9] usin g inhibition of hydrolysis of BANA by papain 
at pH 7.5. Protein was assayed according to Lowry ct aJ [211 
using bovine serum albumin as the standard. One enzy me unit 
(U) is expresscd as ILmol/min w ith the exception of azocasein 
hydro lysis which was expressed as the change in absorbance at 
366 nm / min. 
Extraction of Epidermal Proteins Epidermis was separated 
fro m the skin of 2-day-o ld rats (Sprague-Dawley strain) by the 
method of Murozuka et al [22] and stored at -70°C. A pproxi-
mately 3-4 g of cpidermis from 30-40 rats was minced with 
scissors and homogeni zed in .10 vo l of 20 mM l ,4-piperazine-
dicthancsulfoni c acid (P IPES), 150 l11M 'N aCI, 5 m M EDTA, and 
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Figure 1. Sephadex G-75 gel filtration chromatography of low salt ex-
tract of 2-day-old rat epidermis. Tile bar indicates the fractions pooled 
and used for separation of ca thepsins by CMsz-cellulose ion exchange 
chromatography. 
SI11M dithiothreitol (DTT), pH 6.5, using a g lass homogenizer 
with 20 strokes. After stirring for 2 h the mi xture was centrifuged 
at 100,000 S for 30 min . The supernatant was used as the low salt 
extract. The precipitate was mixed with 10 vol of20 111M PIPES, 
2 M KSCN, 5 111M ·EDTA, and 5 mM DTT, pH 6.5, and stirred 
for 2 h before centrifuging at 100,000 g for 30 min. The super-
natant was dialyzed against 75 vol of 20 mM PIPES, 1 M N aC I, 
0. 1 111M EDT A, and 0.1 mM DTT, pH 6.5, with 3 changes for 
36 h and centrifuged at 8,000 g for 30 min . This latter supernatant 
w as used as the hi gh salt extract. All steps were carried out at 
0-4°C. 
Fractionation of Enzymes and Inhibitor in Low Salt Extract 
The low salt extract was concentrated by Al11icon YM-5 mem-
brane an d the concentrate was applied to a Sephadex G-75 gel 
filtration column (1. 9 x 75 cm) which was equilibrated with 20 
mM acetate buffer, pH 5.0, containing 150 mM NaCI, 1 mM 
EDTA, and 1 111M DTT and the run was performed with an 
elution rate of 20 mllh. Each fraction (3 ml) was tested for hy-
drolysis rate of BAN A, Leu-NA , hemoglobin , azocasein, and for 
C PI-inhibition assay (Fig 1). The enzyme, which hydrolyzed Leu-
NA and eluted at void volume, was further purified by the method 
of Ito et al [71 and was used as enzy me preparation I in Table I. 
Cys teine proteinase inhibitor was further purified according to 
Ohtani et al [23] . The fractions hydrolyzing BANA, hemoglobin, 
an d azocasein (My - 20,000-55,000) w ere pooled and dialyzed for 
16 h aga inst 40 vol of 20 mM acetate buffer, pH 5.0, containing 
1 mM EDT A and 1 mM DTT. After centrifugation at 8,000 g for 
30 min the supernatant was applied to a CMs2-carboxymethyl-
cellulose (Whatman) chromatography column (1.6 x 6.0 cm) at 
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18 mllh. The co lumn was washed with elution buffer and the 
proteins eluted using a linear NaCI-gradient (0-250 mM NaCI) 
with a tota l volume of 400 m l, followed by elution of 30 ml of 
500 mM NaCI at 24 ml/h. Fractions (3 ml) were collected and 
tested for hydrolysis rate of Arg-NA, hemoglobin, azocasein, 
and Z-Arg-Arg-AFC. Fractions hydrolyzing Arg-NA and Z-
Arg-Arg-AFC (Pool A), hemog lobin (Pool B), and azocasein 
(Pool C) were separately pooled (Fig 2). Pool A was concentrated 
by Amicon YM-S membrane and applied to a Sephadex G-lOO 
column (1.9 X 114 cm) equilibrated with 20 mM acetate buffer, 
pH 5.0, containing 150 mM NaCI, 1 111M EDTA, and 1 mM DTT. 
The elution rate was 20 I11 l/h. The hydrolysis ofZ-Arg-Arg-AFC 
and Arg-NA by fractions (3 m l) was measured to obtain enzyme 
preparations 1JI and IV shown in Tables I and II (Fig 3). Pool B 
was further purified using pepstatin-aminohexyl-Sepharose 4B 
affinity chromatography as described by Huang et al [24] and the 
retained enzyme was used as enzyme preparation II in Tables I 
and II. Pool C was dialyzed against 20 mM acetate buffer, pH 
5.0, containing 1 mM DTT and 1 mM EDT A and concentrated 
by Amicon YM-5 membrane. After fIltering through Millex-GS 
(Mill ipore) the proteins were fractionated on a Mono-S column 
at the elution rate of 60 mllh using fast protein liquid chroma-
tography (FPLC) and a gradient programmer (Pharmacia) to ob-
tain enzyme preparation V in Tables I and II (Fig 4). 
Preparation of Liver Enzymes Purification of cathepsins E , 
D, H, and L from adult rat (Sprague-Dawley strain) liver was 
performed according to Mason et al [17] and Huang et al [24]. 
Determination of Molecular Weights A Sephadex G-100 
(1.9 x 114 cm) column equilibrated with 20 mM acetate buffer, 
pH 5.0, containing 150 mM NaCI , 1 mM EDTA, and 1 mM 
DTT was used . Blue dextran was used for estimation of void 
volume. Bovine serum albumin (My = 67,000), ovalbumin 
(M,. = 45,000), chymotrypsin (M,. = 25,300), and ribonuclease 
(M .. = 13,700) were used as standards. 
Determination of K", Values Lineweaver-Burk plotting was 
done using synthetic AFC peptide substrates in concentrations in 
th e range of 1.25-500 J-tM. 
RESULTS 
The low salt extract was found to contain the main part of the 
extractable enzymes which hydrolyze azocasein (pH 5.0), BANA 
(pH 6.0), Leu-NA (pH 7.5), and hemoglobin (pH 3.5). Hydrol-
ysis rates of the same substrates by the high salt extra ct were less 
than 5% of those by low sa lt extract. 
By gel filtration (G-7S) of the low salt extract, the fractions 
(My = 20,000-55,000), which contained enzymes hydrolyzing 
hemog lobin, azocasein, and BANA, were separated from the 
fractions hydrolyzing Leu-NA and containing CPI (Fig 1) and 
were further fractionat~d using CM-cellu lose chromatography 
(Fig 2) . The following pools were collected as indicated in Fig 
2: Pool A containing an enzyme(s) which hydrolyzes main ly Arg-
NA and Z-Arg-Arg-AFC, Pool B hydrolyzing hemoglobin, and 
Table I. Characteristics of Cathepsins in N ewborn Rat Epidermis 
Characteristics 
Inhibition (%) 
CPI Leupeptin Pepstatin 
Enzyme Molecular Weight Kill 
Preparation (x 103) Substrate pH (111M) 0.1 g/ liter 25 fLM 25 fLM 
I AEP 400 Arg-AFC 7.5 0.45 0 0 10 
II Ca rh 0 41 Hemoglob in 3.5 N.D. 0 0 100 
III Carh B 29 Z-Arg-Arg-AFC 6.2 1.0 98 100 0 
IV Cath H 37 Arg-AFC 6.2 0.23 100 18 0 
V Carh L 28 Z-Phe-Arg-AFC 5.5 0.12 76 94 0 
C PI = cysteine proteinase inhibitor; AEP = aminoclldopeptidasc from rat epidermis; N .D. = not determined . 
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Poo l C hydrolyzing azocasein. The enzy mes hydrolyzing Z-Arg-
Arg-AFC and Arg-NA in Poo l A were on ly partia ll y separated 
from each other on a Sephadex G-100 column (Fig 3); thus the 
unoverlapped fra ctions were used as enzyme preparations III and 
IV, presumably cathepsin Band H, respectively . Ca thepsins B 
and H from ep iderm is were inseparable with C M-sephadex col-
um n usin g the method of M ason et al 1171 , in spite of the fact 
that we were able to separate ca thepsins Band H from adult rat 
liver using this techn ique (data not shown). 
Pool B was further purified using pepstatin affinity chrom a-
tography and the enzyme hydrolyzing hemoglobin at pH 3.5 was 
bound in the co lumn at pH 3.5 and eluted at pH 8.5. The eluate 
(preparation Il) did not hydro lyze Z-Arg-Arg-AFC at pH 6.2. 
Pool C was further purified with the FPLC technique using a 
Mono-S co lumn . En zyme hydro lyzing azocasein (pH 5.0) was 
eluted in a single sharp peak (Fig 4) and used as enzyme prepa-
ra tion V. 
The characteristics of enzy me activities in preparations I-V are 
compared in Table I. Enzyme preparation I (M, = 400,000) is 
the epidermal am inoendopeptidase that readily hydrolyzed Arg-
AFC and was inhibited 70% by 1 mM iodoacetamide, but not by 
C PI. E nzyme preparation Il (Mo· = 41,000) hydrolyzed hemo-
globin at pH 3.5 and was inhibi ted by pepstatin but not by other 
inh ibitors. Enzyme preparation III (M, = 29,000) hydrolyzed Z-
Arg-Arg-AFC (pH 6.2) and the activity was inhibited by leu-
pep tin and CPI. Enzyme preparation IV (M .. = 37,000), which 
hydrolyzed Arg-AFC, was inhibited by CPI and on ly partia ll y 
inhibited by leupeptin at a concentration of 25 J.LM . Enzyme 
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preparation V (M, = 28,000), w hich hydrol yzed azocasein and 
Z-Phe-Arg-AFC , was inhibited by leupeptin and CPI. No marked 
inhibition of any of the enzyme preparations was seen with 1 mM 
DFP or o-phenantro line. lodoacetamide inhibited enzy me prep-
arations I, III , IV, and V, but not II. 
The K", va lues for hyd rolysis of type substrates of these en-
zymes from newborn rat skin and adult rat liver were similar 
except the K", for Z-Phe-Arg-AFC for cathepsin L from rat ep-
idermis was 120 J.LM while that for liver cathepsin L was 20 J.LM. 
T he hydrolysis rates of various substrates for the enzym es are 
compared in Table II. Arg-AFC w as found to be a sensiti ve 
substrate for aminoendopeptidase and cathepsin H but their pH 
preferences and inhibitor profiles were different and further es-
tablished the differen ces of the two enzymes. Z-Arg-Arg-AFC 
w as found to be hydrolyzed readily by cathepsin B. Cathepsin L 
hydro lyzed Z-Phe-Arg-AFC especiall y well. 
DISCUSSION 
This study describes th e separation and characterization of various 
catheptic proteinases in newborn rat epidermis. N ewborn rat skin 
was chosen for a model in our studies because it is easy to separate 
into dermis and epidermis . Catheptic proteinases of the epidermis 
are extractable in low sa lt extracts. This is consistent with results 
of previous studies reporting that most of the proteinases with 
acidic pH optima from w hole skin are extractable in low salt 
extracts [2-4]. Gel filtration of the crude extract was an effecti ve 
procedure to separa te the proteinases not only from their inhibitor 
(Mo· = 12,000-13,000) but also from aminoendopeptidase (M,. = 
Table II. Hydrolysis Rates (mUlliter) of Various Synthetic Peptide Substrates by Separated Proteinases From N ewborn 
Rat Epidermis 
Hydrol ys is Rates of Substrates 
Enzyme pH Arg-AFC Z-Arg-Arg-AFC Z-Phc-Arg-AFC 
I. AE P 7.5 4700 230 360 
0.2 170 14 19 
III. Cath B 7.5 3 330 N .D. 
6.2 13 530 110 
IV . Cath H 7.5 48 15 6 
0.2 64 42 13 
V. Cath L 7.5 3 6 26 
6.2 17 21 27 
5.5 16 19 56 
pH va lues in the assays arc the pH optima for the indi vidual enzy mes and substrates accord in g to the info rmatio n available in the literature . Final concentrat ion of 
substrates in assays is 500 /LM. U = /Lm ol/ l11in; AEP = amin oendo peptidase froll1 rat epidermis: N .D. = nOI determin ed. 
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Figure 3. Seph adex G-100 gel fi ltration chromatography of COil centra ted 
Pool A from C Ms2-cc1lulose ion exchange chromatography. Fractions 
(55-59) hydrolyz in g Z-Arg-Arg-AFC were pooled and used as enzy me 
prepa rat ion 111. Fractions (35-39) hydrolyzin g Arg-NA were pooled and 
used as enzyme preparation IV . 
4()(),000) h ydro lyzin g Leu-NA . The inhib ito r has been ex tensively 
studi ed biochemi ca ll y [9-12,231 and it inhibits a var iety of cys-
teine proteinases. Coex isten ce o f cysteine protein ases and th eir 
inhibi to r m ade it diffi cul t to bo th es tim ate the tota l enzy m e ac-
tiv ities in th e crude ex tract and ca lcul ate a y ield of th e ac tivity at 
differcnt purifi cation steps. 
E nzy m es in fra ctio ns w ith an M , of20,000-55,000 wcre furth er 
fract io natcd b y C M-ccllul ose chro m atogra ph y. Ca th epsin B was 
no t separatcd from ca th eps in H by this tcchniqu c. Purifi ca tion o f 
ca thepsin B from H was not possible using the m cth od of M ason 
ct a l [1 7 1. w hi ch is suitable for the prospcctive cnzy m cs from rat 
liver. T his rcs ul t suggests th at cathepsi ns Band H in newbo rn 
rat epide rm is m ay have di stinct properti es (c. g . , carbohydrate 
contcnts) compared to li vcr cnzy m es. T hc rcsults m ay indi ca te 
differen ces in enzy mc properties bctween two tissue sources and/or 
ages. Wc un d ertook gel filtration to partiall y scparate cath epsins 
Band H . From substrate specific ity and inhibition prof tie th cy 
rcsc mble ca thcpsins Band H purificd fro m rat liver 125]. 
An enzyme fro m the epiderm al source wh ose prope rties re-
sembl e ca thepsin L puri ficd from rat li ver [1 5,25] was id entifi ed 
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Figure 4. Fast protein liqu id chromatography of Pool C from C MS2-
ccJ lulose ion exchange chromatography. T he concentrated sa mple (500 
JLI ) app lied was el uted with linea r NaCI (0-0.2 M and 0.2-0.5 M) gradients. 
T he peak frac tion hydrolyzing azocasein was used as enzy me preparation 
V. Absorption at 280 nm (fi /l c li/l e) was monitored for each fraction (0.5 
ml) co llected at I ml/min . 
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after C M-cellulose chro m atogra ph y. T his is the first descri ption 
of th c presence o f ca th epsin L in the cpide rmi s. A M ono-S column 
fac ilitated furth er purifi ca tio n of the enzy me w hich hydrol yzes 
azocasein and Z -Phe-Arg-AFC, but no t o th er sy nthetic substrates 
such as Leu-NA and BA NA . Comparison of the K", va lu e of the 
epidermal and li ver enzy me for Z -Phe- Arg-AFC showed that K", 
for the cpiderm al enzy me is 6-fo ld h ig hcr than that for 1.lvcr 
cnzy m e. Since cathepsin L-like pro tcinasc has no t been descnbed 
prev io usly fro m the epidermis, co mpar ison of o ur findm gs w ith 
others is no t poss ible . 
T he m olecu lar wei ghts o f the cpiderm al enzy m es es timated on 
a Sephade x G- 100 co lumn w cre hig her than th ose for rat li ver 
prcv iously rcpo rted b y o thers and th e values o btained by us 111 
th e stud y run parall el to the cpiderma l ex tract even usin g the sa me 
co lumn s. T he m o lecular w eig h ts for li ver cnzy m cs es tim ated by 
us arc almost identi ca l (25,000 fo r cathepsi n B , 27 ,000 fo r ca-
th eps in H, and 21,000 for catheps in L) w ith the va lues reported 
by Barrett and Kirschke 1251. w ho repo rted that th e m olecular 
weights fo r ca th epsin s B, H , and L are 25,000, 28,000,. and 
21,000-24,000, respectively. T his result suggests tha t the dlffer-
ences in m o lecul ar weig hts betwecn skin and li ver enzym es are 
rea l and no t deri vcd fro m mcthodo logic erro rs. The discrepancy 
in m o lecular weig hts o f cystcinc pro tein 3scs betwecn newborn 
rat skin and ad ult rat li ver mi ght be ex plained by posttranscnp-
ti onal changcs in cnzymes (for exa mple changes in carbo hydrate 
con tent and/or proteolytic splitting). . 
T he prescnce o f ca thepsin D in the epidermis has bcen deSCribed 
by Lazarus and Poole [51. The cnzyme is no t thi o l depcndent and 
is strong ly inhibitcd by pepstatin . All properties of epIdermal 
cathcpsin D arc co nsistent with the typi cal cha racteristi cs of ca-
theps in D [261. . 
E piderm al C PI did no t inhibit cathepsin D and am lil oendo-
peptidasc, w hi le C PI inhibited e ffe ctively ca thcpsins B , H, and 
L fro m th e cpidermis. Aminoendopcptidase purifi cd fro m new-
bo rn ra t epidcrmis by Ito et a117 ] rescmb les the cnzy m e descnbed 
in rab bit musclcs by Okitani et 31 120]. T hc prescnt study confi rms 
that th e amin ocnd o pcptidase is diffcren t from ca thcpsin H . . 
T hc prcsent study dcmonstratcs a simul tancous par tial punfi-
cati on of ca th epsin s fro m epidc rmal extract. W e were no t able to 
clearly scparate ca thepsin B and H fro m each o the r by thc mcth-
odo logy used . Howcver, the procedurc described is rel a tl v~ l y 
straightforward w ith thc stcps that allowed us to o btain cathepsllls 
from epidcrmis in one set of experim ents. . 
Wc conside r that detcrmin ation of physio logic and patho loglc 
ro les o fp rotein ascs dcscribcd above is impo rtan t in understandll1g 
regulato ry mcchanism s o f epidermal ce ll fun ctions. A separate 
ex pcrimcnt suggested th at ca thepsin D in epidcrmal cells m ay be 
in vo lved in the hydrolys is of certain histone subcl asses [27] . Based 
on immuno histochemica l studies, Hinn e et al [6] suggcsted that 
ca th epsin H was in th e Iysosom es of basal cells and that ~he 
enzy m e m ay bc involvcd in cell pro li ferat ion . Othc r cystell1e 
protein ascs identificd in the epidcrmis in the prcsent stud y may 
also have similar bio log ic fun ctions. T he ro le of cysteine pro-
te in ases and th eir inhibi tors in regul atory m echanism s of epider-
m al cell biolog y rem ains to be furth er inves ti ga ted . 
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